Introduction
The growth of the world population in the last century, in addition with economic growth , the development of various industries and the use of fertilizers and pesticides in modern agriculture, have generated a significant quantity of hazardous waste, reflected in a considerable rise in both fresh water consumption and wastewater production. The effluents of wastewater in some industries such as dyestuff, textiles, leather, paper and plastics contain various kinds of synthetic dyestuffs [1] . The textile industry which is one of the largest water consumer in the world, produces wastewater comprising various recalcitrant agents such as dye, sizing agents and dying aid. Removal of emerging contaminants of concern is now as ever important in the production of safe drinking water and the environmentally responsible release of wastewater. There are many conventional methods that can remove colored dyes from wastewater: chemical coagulation-flocculation, membrane technology, biological methods such as anaerobic⁄aerobic sequential processes, oxidative degradation by using chlorine or ozone, photo-degradation, and adsorption [2] . The As synthetic dyes in wastewater cannot be efficiently decolorized by traditional methods, the adsorption of synthetic dyes on inexpensive and efficient solid supports was considered as a simple and economical method for their removal from water and wastewater. Hence, coloured wastewater treatment requires new adsorbents that are economical, easily available and effective. There are several types of adsorbent being applied in industrial wastewater such as activated carbon, silica gel and alumina [3] . Molecular sieves like aluminosilicate or aluminophosphate materials containing tiny pores of precise and uniform size, which are used as adsorbents, catalyst carriers, desiccants, and so on. Among the AlPOs, the metalloaluminophosphates (MAPO) and metallosilicoaluminophosphates (MAPSO) materials encompass the characteristics of both zeolites and aluminophosphates, which results in their unique catalytic, ion-exchange and adsorbent properties [4] . ZnAPSO-34 is a synthetic aluminophosphate materials with the chabazite (CHA) structure [5] . The pore structure comprises eight member rings with 0.38 nm opening into large ellipsoidal cavities of 0.67-1.0 nm. In this work, initial dye concentration, contact time, adsorbent dosage, pH and kinetic studies were carried out to evaluate the adsorption capacity ZnAPSO-34 nanoporous material for the removal of MB from aqueous solutions.
Materials and Methods

Preparation
ZnAPSO-34 was synthesized by following previously reported procedure [6] . The typical synthesis gels with a molar composition of 0.8SiO2:0.8Al2O3:1-P2O5:1TEAOH:0.4Zn:225H2O were prepared in 120 ml Teflon-lined autoclave. Isopropoxyde of alumina (Fluka) and ortho-phosphoric acid (Merck 85%) were used as aluminum and phosphorus sources, respectively; the divalent metal was introduced as acetate (zinc acetate, Fluka p.a.), other reactants were fumed silica (Aerosil 200, Serva), tetraethylammonium hydroxide (20% aqueous solution, Fluka) and deionized water.
In order to obtain the final gel solution Isopropoxyde of alumina was slowly added to an aqueous solution containing ortho-phosphoric acid and the metal salt, maintaining the mixture under magnetic stirring for 1h. The TEAOH solution, followed by the addition of the required amount of silica was mixed. After the addition of the silica, the solution was maintained under stirring 2 h.
The crystallization occurred under static conditions in an oven at 180-200°C for 24h. The autoclaves were cooled down to room temperature under running water, and the products were recovered by centrifugation, washed and dried at 80°C overnight.
The final product was a white powder. Finally, the product was calcined at 550°C for 5 h at the rate of 1°C/min to remove the organic templates.
(water):663-667 nm). Stock solutions of the test reagent were made by dissolving Methylene Blue, (3,9-bis dimethyl-aminophenazo thionium chloride), in distilled water. The structure of this dye is shown in Figure  1 .
All the other chemicals used were of analytical reagent grade and were purchased from Merck (Germany).
Batch sorption studies
Adsorption studies: The adsorption was performed by batch experiments. Kinetic experiments were carried out by stirring 250 ml of dye solution of known initial dye concentration with 0.05 g of ZnAPSO-34 at room temperature (20°C) at 400 rpm in different 500 ml PE flasks. At different time intervals, samples have been drawn out and then centrifuged at 3500 rpm for 10 min. The concentration in the supernatant solution was analyzed using a UV spectrophotometer SHIMADZU 1800 by measuring absorbance at λ max = 664 nm and pH = 6. Adsorption isotherms were carried out by contacting 0.05 g of ZnAPSO-34 with 250ml of methylene blue over the concentration ranging from 2 to 10 mg l -1 .
The effect of pH was observed by studying the adsorption of dye over a pH range of 2-10. The initial pH of the dye solution was adjusted by the addition of 0.1 N solution of hydrogen chloride (HCl) or sodium hydroxide (NaOH).
The amount of dye adsorbed per unit weight of adsorbent; qt (mg.g.1 -1 ) was calculated using the mass balance equation given by:
where, C 0 (mg/l) is the initial dye concentration, C t (mg/l) is the liquid phase concentrations of dye at any time, V is the volume of the solution (l) and m is the mass of dry adsorbent used (g).
The dye removal percentage can be calculated as follows:
Due to the inherent bias resulting from linearization of the isotherm model and kinetic model, the non-linear regression Root Mean Square Error (RMSE) test was employed as criterion for the quality of fitting. The RMSE of a model is evaluated by error analysis.
Error analysis: Because of the inherent bias resulting from the linearisation of the isotherm and kinetic models, four different error functions of the non-linear regression basin were employed as criteria for the quality of fitting [7] .
The RMSE: The RMSE has been used by a number of researchers in the field to test the adequacy and accuracy of the model fit with the experimental data:
where q i is the experimental sorption capacity from the batch experiment i, q ie is the sorption capacity estimated from the sorption model for corresponding q i and n is the number of observations in the batch experiment.
The chi-square test: The chi-squared test statistic is basically the sum of the squares of the differences between the experimental data and data obtained by calculating from models, with each squared difference divided by the corresponding data obtained by calculating from models. The chi-squared test has some similarity with the root mean square error and is given as:
The sum of the absolute errors: The sum of the absolute errors (SAE) is given as:
The isotherm parameters determined by this method provide a better fit as the magnitude of the errors increase, biasing the fit towards the high concentration data.
The average relative error: The average relative error (ARE) is defined as: 
This error function attempts to minimise the fractional error distribution across the entire concentration range.
Characterization of the adsorbent
The as-synthesized product was characterized initially by X-ray powder diffraction using a diffractometer (Miniflex2, RIGAKU) equipped with a linear position sensitive detector (CuKa1 radiation, k = 1.5406Å). The morphology and average size of the crystals were determined by Scanning Electron Microscopy (SEM) using a HITACHI S4800 microscope.
Elemental composition of the products (Al, P, Si, Zn ) was determined by using JEOL 5800 SEM with energy dispersive X-ray analyser attachment (EDX).
Results and Discussion
Cristallinity
The examination of the powder data of the sample revealed that only one phase was identified, which correspond to Chabazite structure [8] . The XRD patterns (Figure 2 ) illustrate the rather high crystallinity of all samples. No extra peak related to transition metal oxides appeared, indicating the purity of the products.
Morphology and crystal size
We have observed the sample by SEM, looking for the morphology of the crystals. SEM images of the calcined samples are provided in Figure 3 . The sample prepared shows the typical Chabazite morphology: cubic crystals are well-developed in the size range of 3-10µm. Particles of cubic morphology (1-5µm in size) form ball-shaped aggregates. 
Elemental analysis
The SEM-EDAX data were measured randomly across different crystals and in different areas on different crystal. The presence of elemental Zn, on the cubic surface of the ZnAPSO-34 crystallites, was confirmed by using the EDX technique and the result is shown in Figure 4 . Figure 5 shows the TG and DTA results of the product measured after synthesis. ZnAPSO-34 exhibited a weight loss of 7.3% at temperature less than 200°C due to the loss of adsorbed water.
Thermal analysis
The endothermic peak in the corresponding ATD curve proved that TEAOH was thermally decomposed near 450°C. TG/DTG analyses of as-synthesized ZnAPO-34 samples indicate that physically adsorbed water is expelled in the 120-230°C temperature range, whereas the main decomposition of the template (TEA+cations) occurs between 400 and 600°C, in agreement with previous observations.
Effect of various parameters on the MB Adsorption
Effect of adsorbent dose: The effects of adsorbent dosage on MB removal are presented in Figure 6 . Removal efficiency increased from 85% to 94% with an increase in the dosage from 0.05 to 0.1 g. l -1 , and then remained almost constant. This was caused by the fact that, with increasing adsorbent dosage, more adsorption sites are available. However, increasing the sites had little effect on removal efficiency at high adsorbent dosage because of the establishment of equilibrium at an extremely low adsorbate concentration in the solution before reaching saturation. It can also be seen from Figure 6 that the MB removal efficiency changed slightly from 85% to 97% with an increase in adsorbent dosage from 0.1 to 0.25g l -1 . This result is mainly because the adsorption sites were more or less saturated by MB at low adsorbent doses (<0.1 g l -1 ), but unsaturated at high doses (>0.25 g l -1 ). The adsorbent dosage was fixed at 0.05 g l -1 for the remaining experiments.
As can be seen from Figure 7 , the correlation coefficient, R 2 of pseudo-second-order kinetic model were greater than 0.99 for both MB solutions. Therefore, the calculated q e values agreed with the experimental q e values, implying that the adsorption kinetic of MB is well described by pseudo-second-order model.
Adsorption kinetics:
The following expressions were used to describe two models, respectively: ln(q e -q t )=ln(q e )-k 1 t (7) •min -1 ) are the rate constants of first order and second order, respectively.
From Table 1 , it can be seen that the pseudo-second order kinetic rate constants decreased with the increasing of initial MB concentrations. This is due to the competition for the adsorbent active sites are increased at higher concentration and consequently the adsorption rate will become slower. According to the kinetic modelling results shown in Table 2 , the correlation coefficient for the pseudo-second-order model obtained were greater than 0.9999 for all concentrations, in order to compare the validity of pseudo second-order model more definitely a RMSE and χ 2 are calculated. Again q e should equal the experimentally obtained equilibrium capacity for this model to be valid. The calculated q e values also agree very well with the experimental data. These indicate that the adsorption system studied belongs to the second-order kinetic model, suggesting that chemisorption might be the rate-limiting step that controlled the adsorption process. It could be presumed that the pseudo-second-order equation was used to describe chemisorption involving valency forces through the sharing or exchange of electrons between the adsorbent and adsorbate as covalent forces, and ion exchange.
Adsorption isotherms: Adsorption isotherms are critical in optimizing the use of adsorbents and describe how adsorbate interacts with adsorbent. The analysis of the isotherm data with either theoretical or empirical equations is important to develop an equation which accurately represents the results and which could be used for design [9] . Several isotherms equations are available. Three of them have been selected in this study: Langmuir, Temkin and Freundlich isotherms.
Langmuir isotherm:
The Langmuir adsorption isotherm has been successfully applied to many pollutants adsorption processes and has been the most widely used sorption isotherm for the sorption of a solute from a liquid solution [10] . The saturated monolayer isotherm can be represented as Where, R (J/mol.K) is the gas constant, T (K) the absolute temperature, b T (J.mol-1) constant related to the heat of adsorption and K T is Temkin constant (L/mg).
Freundlich isotherm:
Freundlich isotherm is an empirical equation describing adsorption onto a heterogeneous surface ( Figure  9 ). The Freundlich isotherm [12] is commonly presented as
where K f and n are the Freundlich constants related to the adsorption capacity and adsorption intensity of the sorbent, respectively. Eq. (12) can be linearized by taking logarithms:
ln q e = ln K f + 1/n ln C e (13) The essential feature of the Langmuir isotherm can be expressed by means of 'R L ', a dimensionless constant referred to as separation factor or equilibrium parameter [13] . R L is calculated using the following equation Table 2 . The value of R L indicated the type of isotherm to be irreversible (R L =0), favourable (0<R L <1), linear (R L =1) or unfavourable (R L >1). Further, the R L value for MB onto ZnAPSO-34 at 20°C is 0.046 and therefore, its adsorption is favourable.
Conclusions
From this study, the ability of ZnAPSO-34 to remove Methylene blue from aqueous solution was investigated. We can conclude that the analysis by SEM and EDX showed that the adsorbent material has a micro porous structure and it consists mainly of Al, P, Si and Zn. The equilibrium adsorption isotherms have been validated in detail by Langmuir and Freundlich and Temkin models. Equilibrium data fitted very well in the Langmuir isotherm equation, confirming the monolayer adsorption capacity of methylene blue onto ZnAPSO-34 with a monolayer adsorption capacity of 14.49 mg/g. The conditioning time of 3h was found to be sufficient for reaching equilibrium. The results obtained confirm that ZnAPSO-34 can remove Methylene blue from aqueous solution. The results also showed that the process follows pseudo second-order kinetics. The low values of maximum adsorption capacities obtained from Langmuir model, confirm that the molecule of MB is not strongly adsorbed inside the pores because of its size. Only the surface functions are responsible for adsorption. 
